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Swimming exerciseAbstract The present study was designed to determine the effects of Ganoderma lucidum polysac-
charides (GL-PS) on exhaustive exercise-induced oxidative stress in skeletal muscle tissues of mice.
The mice were divided into four groups (three GL-PS administered groups and the control group).
The control group was administered with distilled water and GL-PS administered groups were
administered with GL-PS (50, 100 and 200 mg/kg body weight per day). After 28 days, the mice per-
formed an exhaustive swimming exercise, along with the determination of superoxide dismutase
(SOD), glutathione peroxidase (GPX), catalase (CAT) activities and malondialdehyde (MDA) lev-
els in the skeletal muscle of mice. The results showed that GL-PS could increase antioxidant
enzymes activities and decrease the MDA levels in the skeletal muscle of mice. This study provides
strong evidence that GL-PS supplementation possessed protective effects against exhaustive exer-
cise-induced oxidative stress.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
It is well documented that regular physical exercise has many
beneﬁcial effects, and is an effective means for preventingchronic diseases (Goto et al., 2004; Warburton et al., 2006;
Arau´jo et al., 2011). However, strenuous physical exercise is
associated with a dramatic increase in oxygen uptake both
by the whole body and particularly by the skeletal muscle
(Bejma and Ji, 1999). Oxygen usage increases with increasing
metabolic activity and the results in reactive oxygen species
(ROS) production (Powers and Jackson, 2008). Production
of ROS in quantities that overwhelm the endogenous antioxi-
dant defense system has been referred to as oxidative stress,
which can lead to the destruction of tissue and cell macromol-
ecules such as lipids, proteins, and nucleic acids (Jo´wko et al.,
2011). There is growing evidence that exercise-induced
oxidative stress may be associated with muscle fatigue, muscle
120 Z. Zhonghui et al.damage, and a decrease in physical performance (Kim et al.,
2008; Wei and Jin, 2011; Shan et al., 2011).
Ganoderma lucidum (Leyss. ex Fr.) Karst), a popular medic-
inal mushroom, is a basidiomycete belonging to the polypora-
ceae. Its fruiting body is called ‘‘Lingzhi’’ in China and
‘‘Reishi’’ in Japan (Zhang et al., 2003). For hundreds of years,
this mushroom has been regarded as a folk medicine used for
the prevention and treatment of various human diseases, such
as hepatitis, hypertension, chronic bronchitis, bronchial asth-
ma, cancer and others in China (Berovic et al., 2003; Boh
et al., 2007). In the past few years, many studies have demon-
strated that the major bioactive components in G. lucidum are
polysaccharides (Gl-PS), ganoderic acid (triterpene), and aden-
osine, while the Gl-PS are the major source of its biological
activity and therapeutic use (Zhang et al., 2002; Sanodiya
et al., 2009). Previous evidences showed that Gl-PS have
anti-oxidant, hypoglycemic, anti-inﬂammatory, anti-tumor
and immunomodulatory activities (Lin and Zhang, 2004; Li
et al., 2011; Zhao et al., 2012). Our previous studies also have
demonstrated that Gl-PS has anti-fatigue effects (Zhao et al.,
2013), but the effects of Gl-PS on exercise-induced oxidative
stress have not been investigated so far. Therefore, this study
was designed to investigate the protective effects of Gl-PS
against exhaustive exercise-induced oxidative stress in skeletal
muscle tissues of mice.
2. Materials and methods
2.1. Plant materials
The dried fruiting bodies of G. lucidum were purchased from a
local medicine shop (Hangzhou, China), and identiﬁed by Pro-
fessor Zhang ML, Zhejiang Gongshang University. A voucher
specimen (No. 1908024) has been deposited in the Herbarium
of the Zhejiang Institute of Botany.
2.2. Chemicals and reagents
Analytical reagent grade chemicals and double distilled water
were used to prepare all solutions. The reagent kits for the
determination of superoxide dismutase (SOD), glutathione
peroxidase (GPX), catalase (CAT) and malondialdehyde
(MDA) were purchased from the Nanjing Jiancheng Bioengi-
neering Institute, Nanjing, China.
2.3. Preparation of Ganoderma lucidum polysaccharides
G. lucidum polysaccharides (Gl-PS) were prepared according
to the previously published method (Chen et al., 2009). In
brief, the dried fruiting bodies of G. lucidum were ground to
a ﬁne powder, and powders were defatted with petroleum ether
and extracted with double distilled water at 80 C for 8–10 h in
several batches. The extract was combined, ﬁltered, and con-
centrated to about one third of the original volume and about
ﬁve times the original volume of chilled ethanol was added and
kept at 4 C for 48 h. The precipitate was collected after centri-
fugation, redissolved in distilled water and treated with Sevag’s
reagent several times to remove protein and then dialyzed
against deionised water for 48 h at 4 C. The GL-PS were
again precipitated with ethanol and the precipitate thus ob-
tained was lyophilized. GL-PS was dissolved in distilled water
and stored at 4 C before use.2.4. Animals and grouping
Male Kunming mice (18–20 g each) were obtained from the
Zhejiang Animal Husbandry Center (Hangzhou, China). The
animals were housed in a room maintained at 22 ± 1 C with
relative air humidity of 45–55% on a 12-h light/12-h dark cy-
cle. Mice were provided a standard commercial diet and water
ad libitum. All animal handling procedures were performed in
strict accordance with the China legislation for the use and
care of laboratory animals, with the guidelines established by
the Institute for Experimental Animals of the Zhejiang Police
College, and were approved by the College committee for ani-
mal experiments.
The mice were allowed to acclimate to the laboratory envi-
ronment for a 7-day period before the experiments. After this
period, the animals were randomly divided into four groups,
ten in each. The ﬁrst group designated as the control group
was administered with distilled water by gavage each day for
28 days. The second group designated as the low dose group
was administered with GL-PS of 50 mg/kg body weight by
gavage each day for 28 days. The third group designated as
the middle-dose group was administered with GL-PS of
100 mg/kg body weight by gavage each day for 28 days. The
fourth group designated as the high-dose group was
administered with GL-PS of 200 mg/kg body weight by gavage
each day for 28 days. The mice were trained to swim for 20 min
twice a week to adapt to swimming.
2.5. Exhaustive swimming exercise
After 28 days, the mice performed an exhaustive swimming
exercise as described previously (Tang et al., 2008). Brieﬂy,
30 min after the last administration, the mice were placed indi-
vidually in a swimming pool (50 · 40 · 50 cm) with 30 cm
depth of water maintained at 25 ± 0.5 C. A tin wire (7% of
body weight) was loaded onto the tail root of the mouse.
The mice were determined to be exhausted when they sunk
into the water and could not rise to the surface of water within
a 10 s period. The mice were anesthetized with ethyl ether and
sacriﬁced immediately after the exhaustive swimming exercise.
Hind-limb skeletal muscle was quickly dissected out, frozen in
liquid nitrogen, and kept at 70 C until being analyzed.
2.6. Analytical oxidative stress-associated parameters
The skeletal muscle samples of mice were homogenized in ice-
cold buffer (0.25 M sucrose, 10 mM Tris–HCl, and 0.25 Mm
phenylmethylsulfonyl ﬂuoride; pH 7.4), and a portion of the
homogenate was measured immediately for malondialdehyde
(MDA) levels. Another portion of the homogenate was centri-
fuged at 15,000g for 30 min at 4 C, the supernatant was dec-
anted and assayed for SOD, GPX and CAT activities. The
SOD, GPX, CAT activities and MDA levels were tested fol-
lowing the recommended procedures provided by the reagent
kits (Jiancheng Bioengineering Institute, Nanjing, China).
SOD activity was assayed spectrophotometrically at
550 nm by the use of a xanthine and xanthine oxide system.
GPX was assayed spectrophotometrically by the use of gluta-
thione as substrate by measuring the decrease of enzymatic
reaction of GSH (except the effect of non-enzymatic reaction)
at 412 nm. CAT activity was determined spectrophotometri-
cally by monitoring the amount of complex compound at
Figure 2 The effect of GL-PS on GPX activities in skeletal
muscle. The data were expressed as means ± SD (n= 10 per
group). *P< 0.05 when compared to the ﬁrst group. **P< 0.05
when compared to the second group. ***P< 0.05 when compared
to the third group.
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mined by the thiobarbituric acid (TBA) method. The MDA-
TBA adduct formation was measured spectrophotometrically
at 532 nm.
2.7. Statistical analysis
The data were expressed as means ± SD based on the indi-
cated number in the experiment. All analyses of data were
done with the Statistical Package for Social Sciences (version
11.0; SPSS, Chicago, IL, USA). The results were analyzed
using 1-way analysis of variance followed by Student’s t test
for comparison between different treatment groups. Statistical
signiﬁcance was set at P< 0.05.
3. Results
3.1. The effect of GL-PS on SOD activities in skeletal muscle
of mice
Fig. 1 demonstrates the effect of GL-PS on SOD activities in
the skeletal muscle of mice. Compared with the ﬁrst (control)
group, SOD activities of the second, third and fourth groups
were signiﬁcantly higher (P< 0.05). Compared with the sec-
ond group, SOD activities of the third and fourth groups were
signiﬁcantly higher (P< 0.05). Compared with the third
group, SOD activities of the fourth group were also higher
but not signiﬁcantly (P> 0.05).
3.2. The effect of GL-PS on GPX activities in skeletal muscle
of mice
Fig. 2 demonstrates the effect of GL-PS on GPX activities in
the skeletal muscle of mice. Compared with the ﬁrst group,
GPX activities of the second, third and fourth groups were sig-
niﬁcantly higher (P< 0.05). Compared with the second group,
GPX activities of the third and fourth groups were signiﬁ-
cantly higher (P< 0.05). Compared with the third group,Figure 1 The effect of GL-PS on SOD activities in skeletal
muscle. The data were expressed as means ± SD (n= 10 per
group). *P< 0.05 when compared to the ﬁrst group. **P< 0.05
when compared to the second group. ***P< 0.05 when compared
to the third group.GPX activities of the fourth groups were signiﬁcantly higher
(P< 0.05).
3.3. The effect of GL-PS on CAT activities in skeletal muscle
of mice
Fig. 3 demonstrates the effect of GL-PS on CAT activities in
the skeletal muscle of mice. Compared with the ﬁrst group,
CAT activities of the third and fourth groups were signiﬁcantly
higher (P< 0.05), CAT activities of the second group were
also higher but not signiﬁcantly (P> 0.05). Compared with
the second group, CAT activities of the fourth group were sig-
niﬁcantly higher (P< 0.05), CAT activities of the third group
were also higher but not signiﬁcantly (P> 0.05). ComparedFigure 3 The effect of GL-PS on CAT activities in skeletal
muscle. The data were expressed as means ± SD (n= 10 per
group). *P< 0.05 when compared to the ﬁrst group. **P< 0.05
when compared to the second group. ***P< 0.05 when compared
to the third group.
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also higher but not signiﬁcantly (P> 0.05).
3.4. The effect of GL-PS on MDA levels in skeletal muscle
of mice
Fig. 4 demonstrates the effect of GL-PS on MDA levels in the
skeletal muscle of mice. Compared with the ﬁrst group, MDA
levels of the second, third and fourth groups were signiﬁcantly
lower (P< 0.05). Compared with the second group, MDA
levels of the third and fourth groups were signiﬁcantly lower
(P< 0.05). Compared with the third group, MDA levels of
the fourth groups were signiﬁcantly lower (P< 0.05).
4. Discussion
The present work has been designed to determine the effects of
G. lucidum polysaccharides on exhaustive swimming exercise-
induced Oxidative stress by noting the SOD, GPX and CAT
activities as well as by the MDA levels in skeletal muscle tissues
of mice. The antioxidant defense systems of the living body con-
sist of antioxidant enzymes and antioxidant nutrients, which
may be involved in reducing oxidative stress (Lee et al., 2009).
Principal antioxidant enzymes include SOD, GPX and CAT.
SOD catalyzes the dismutation of superoxide into oxygen and
hydrogen peroxide. GPX is a selenoenzyme which catalyzes
the reduction of hydroperoxides at the expense of reduced glu-
tathione. CAT is a primary antioxidant defense component that
works to catalyze the decomposition of hydrogen peroxide to
water, sharing this function with GPX (Apel and Hirt, 2004).
The signiﬁcant decrease in the activities of SOD, GPX and
CAT in the muscle, liver tissues and blood after exhaustive exer-
cise may be an indication of oxidative stress (Powers and Jack-
son, 2008). In the present study, the data showed that GL-PS
promote increases in the activities of SOD, GPX and CAT in
skeletal muscle of mice, and the high-dose GL-PS (200 mg/kg
body weight) presented the best effect. These results indicated
that GL-PS was able to up-regulate antioxidant enzymeFigure 4 The effect of GL-PS on MDA levels in skeletal muscle.
The data were expressed as means ± SD (n= 10 per group).
*P< 0.05 when compared to the ﬁrst group. **P< 0.05 when
compared to the second group. ***P< 0.05 when compared to the
third group.activities in skeletal muscle to protect against oxidative stress
induced by exhaustive exercise.
MDA is the breakdown product of the major chain reac-
tions leading to the oxidation of polyunsaturated fatty acids
and thus serves as a reliable marker of oxidative stress (Finaud
et al., 2006). Signiﬁcant increases in the MDA levels in muscle
after exhaustive exercise have been noted in several studies
(Alessio et al., 1988; Liu et al., 2000; Cabral et al., 2001; Niu
et al., 2008). When MDA exceeds the regulatory level of the
body, surplus free radicals will induce unsaturated fatty acid
to form lipid peroxide and overwhelm the protective mecha-
nisms, resulting in oxidative damage (Yu et al., 2006). In the
present study, the data showed that GL-PS could effectively
decrease MDA levels in the skeletal muscle of mice, and the
high-dose GL-PS (200 mg/kg body weight) presented the best
effect. These results indicated that GL-PS could reduce lipid
peroxidation and prevent exercise-induced oxidative damage.
5. Conclusion
In conclusion, the present study clearly indicates that GL-PS
could increase antioxidant enzymes activities and decrease
the MDA levels in the skeletal muscle of mice. This study pro-
vides strong evidence that GL-PS supplementation attenuates
exhaustive exercise-induced oxidative stress.
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